A model is presented where the quintessence parameter, w, is related to a time-varying gravitational constant. Assuming a present value of 0.98 w = − Journal of High Energy Physics, Gravitation and Cosmology the expression, G G , vanishes, and we are left with the concordance model. Within our framework, the emergence of dark energy over matter at a scale of 0.5 a ≈ is that point where 1 G − increases noticeably to its current value, 1 0 G − . This weakening of G to its current value 0 G is speculated as the true cause for the observed unanticipated acceleration of the universe.
, we predict a current variation of G is the derivative of G with respect to time. Thus, G has a cosmic origin, is decreasing with respect to cosmological time, and is proportional to 0 H , as originally proposed by the Dirac-Jordan hypothesis, albeit at a much slower rate. Within our model, we can explain the cosmological constant fine-tuning problem, the discrepancy between the present very weak value of the cosmological constant, and the much greater vacuum energy found in earlier epochs (we assume a connection exists). To formalize and solidify our model, we give two distinct parametrizations of G with respect to "a", the cosmic scale parameter. We treat 1 G − as an order parameter, which vanishes at high energies; at low temperatures, it reaches a saturation value, a value we are close to today. Our first parametrization for to the Planck temperature, 32 1.42 10 × degrees Kelvin. At the temperature of formation, we find that G has increased to roughly 20 4 10 × times its current value. For most of cosmic evolution, however, our variable G model gives results similar to the predictions of the ΛCDM model, except in the very early universe, as we shall demonstrate. In fact, in the limit where w approaches −1,
Introduction
Quintessence is a hypothetical form of dark energy based on a dynamical scalar field whose value changes with respect to cosmological time. Its equation of state relates the pressure of the vacuum to its density, and this equation is determined by the potential energy term as well as a kinetic term involving the scalar field. This is to be contrasted with the concordance ΛCDM model where we have a cosmological constant, which does not scale. In fact, in that model the quintessence parameter, w, relating pressure to density is by definition precisely equal to −1, indicating that the pressure and density are fixed, where pressure is always equal to the density but negative. While the ΛCDM model is highly successful, quintessence is studied because 1) it may help us better understand the true nature of dark energy (the ΛCDM model provides no explanation of either dark energy or dark matter), 2) it could help us resolve the cosmological constant fine-tuning problem, and 3) it may help us understand the coincidence problem, which seeks to address the question as to why now for the unanticipated acceleration of the universe. Why is the vacuum density parameter, Λ Ω , comparable to the matter density parameter, MATTER Ω , in the present epoch? If the universe had accelerated at an earlier era due to dark energy, then we would not have the structure we see today.
The cosmological fine tuning problem [1] is a vast discrepancy between the present, observed value for the cosmological constant, ( ) easily accomodates the 1 w = − value required for ΛCDM. The observational limits set on "w" depend on the tests employed. The most stringent limit on "w" at present uses high z supernovae data and assumes that space is flat. Combined with WMAP and BAO (Baryon Acoustic Oscillation) data, that limit is established as [12] [14] ( )
The flat space assumption, where the density parameter, 0 k Ω = , provides good constraints on "w". The non-flat space assumption, 0
k Ω ≠ , on the other hand, provides poor limits on "w" unless k Ω is also specified. If space is not assumed flat, and if we select a particular value for k Ω , then the following limits are obtained [12] ( ) Only when taken together are the limits given in Equation (1-2) "tight". In our paper, we shall assume a flat space. On its own, within the assumptions of the ΛCDM model [16] , 0.016 0.017 0.005 k + − Ω =− , which is a value so close to zero as to suggest that space is indeed flat. Thus, we will use the result in Equation (1-1) as our working ansatz. However, we leave open the possibility that the numerical value of "w" may have to be revised in the future.
In this paper, we seek to provide an explanation for quintessence. We argue that it is a manifestation of a cosmic varying gravitational constant, i.e.,
( )
where "a" is the cosmic scale parameter. Alternatively, ( )
where T equals the CMB temperature. Both parametrizations are equivalent due to the identity,
where T 0 is the present day CMB value equal to 2.725 K, z is the redshift, and "a" is taken to equal unity in the present epoch.
(
) 11 1 3.9 -9.9 10 yr G G − − = − × . Shapiro [24] claimed, more conservatively, that with the Jordan hypothesis. It is to be noted that at the time of these tests, a precise value for Hubble's parameter was not well known. An acceptable value for H 0 at that time was debated to lie anywhere between 50 to 100 km/(s Mpc).
More recent observations [27] [28] [29] [30] suggest that these values for Given what is known about SN events, the energy release is proportional to the Chandrasekhar mass, Ch M , which in turn is proportional to 3 2 G − . They obtain
( )
Two good up-to-date reviews of the latest observational status on G can be found in references [35] [36] . We remark that all the above tests give consistent values for G G , of the order of Hubble's value, in spite of the fact that they are obtained using very different methodologies and observations. They also span a period of seven decades of research.
Finally, we should mention, with regards to MOND (Modified Newtonian Dynamics) theories, the latest searches for gravitational waves using the LIGO detectors [38] . These searches are looking specifically for modifications to the general theory of relativity, which would include variations in Newton's constant. With the latest detections of colliding black holes, and in-spiraling neutron star emis-
, gravitational wave astronomy is off to a dramatic start. Sensitivities will have to be improved upon, but gravitational wave interferometry may provide further observational evidence for a time-varying G in the foreseeable future.
The outline of this paper is as follows. In Section 2, we make a simple observation and identify G mathematically with "w". A general result is derived, namely,
in the present epoch assuming we use 0.98 w = − as is indicated in Equation (1-1). In Section 3, two simple one-dimensional parametrizations for ( ) G a are presented. Both have the correct limits for an order parameter, which depends on temperature; at high energies (temperatures), the values for 1 G − vanish and at low temperatures, they assume constant saturation values. We will fix the parameters of both models such that we have a well-defined behavior for ( ) 1 G a − in both instances. In Section 4, we establish a time-line for 1 G − . It is important to show that the results of our extended models do not deviate too drastically from the well-established ΛCDM model, except in the very early universe. Even though our two parametrizations are quite different, they predict essentially the same features, both qualitatively and quantitatively. In Section 5, we consider the onset of G formation, i.e.,
" C a " is the scale parameter at formation. We present arguments for why we believe it occurred at a scale when the CMB temperature was approximately 21 7 10 K × . This scale is practically identical in both parametrizations, even though the models are quite distinct from each another, leading us to believe that this may be more than a coincidence. In the ΛCDM model, G is, of course, a constant up to and including the Planck scale, which is much higher in temperature, 32 1.42 10 K × . We relax this assumption. Therefore, in the very early universe, our model suggests that cosmic expansion is not hampered or hindered by gravitation; at least not in the form we currently know it. Finally, in Section 6, we present our summary and conclusions.
A Simple Observation
We start with the second version of the 
Current evidence suggests that the universe as a whole is remarkably flat, i.e., there is no inherent spatial curvature. Best estimates for 1 k i Ω = − ΣΩ suggest that it is less than.005 as shown by the latest Planck data collaboration. Thus, we will also assume that space is flat. Our results would change for a non-flat universe as the parameter "w" would also change. If 0 k Ω < , then We will first assume that 0 G G = . We divide Equation (2-1b) by Equation
We have introduced the quintessence parameter, "w" in the last term on the right hand side of Equation . The equation of state for quintessence is
where p Λ and ρ Λ are the pressure and the mass density associated with the dark energy vacuum, respectively. The parameter "w" can be defined in terms of a scalar field, which we will not go into; for our purposes "w" is a value between zero and -1, equaling the latter in the limit of the ΛCDM model. If w is set equal to negative one, it is clear from Equation (2-2) that dark energy does not scale. If we choose 1 w ≠ − , then we allow for scaling. The negative sign for "w" tells us that dark energy is characterized by negative pressure given a positive dark energy density. A current best-fit estimate for "w" is specified by Equation (1-1), but only in the limit of a flat space cosmology, which is 
We have defined α as ( ) These are small deviations about 0 G . As mentioned in the introduction, the fact that G can vary with time is not a new idea. P. Dirac in 1937, and later that year, P. Jordan, were both convinced that G has a cosmological origin, and more specifically, that G decreases with an increase in cosmological time. Dirac suggested that G is proportional to t −1 where "t" is cosmological time while Jordan believed that G G H = − . Jordan also introduced a scalar field to model G, as we will likewise do.
If we accept the identification of 0 G G with a α − , as was done in Equation (2) (3) (4) , then by Equation (2-3), the matter and radiation mass densities must also scale by this factor. In fact, the following modifications have to be introduced for these terms.
However, we keep in mind that α, currently, is only about 0.06 in value, very small compared to −3 or −4. Furthermore α will not vary much for most of the Journal of High Energy Physics, Gravitation and Cosmology evolution of the universe; as we shall see, it is only in the very earliest phases in the universe where α changes its value appreciably. For 0 a → , it will turn out that 1 α → + and 2 3 w → − . The quintessence parameter, w, in our framework will never decrease below −2/3. For an opposing limit, a → ∞ , it will turn out that 0 α → and 1 w → − , and we retrieve the concordance limit. Thus, α will have a relatively low value for almost all of the evolution of the cosmos. The dependency of matter and radiation densities on α will be taken into account in section IV, where we calculate look-back times and the age of the universe.
We next focus our attention on G G . We take the derivative of Equation
We have made use of the mathematical identity, Furthermore, many observational tests are at the very limit of the estimate given above, making the prediction in Equation (2-11) especially interesting from an observational point of view. In short, it is almost within testing range. A second problem with Equation (2-10) is that α needs to be expressed in terms of "a" (or vice versa) in order to get a specific dependency for G in terms of "a" or α. The quintessence parameter "w", and thus α, is a function of the scale parameter "a".
C. Pilot
We may know current values for 0 w , and 0 α , but we do not know past or future values. Hence, Equation (2-10) cannot be integrated. In the next section, we will advance two separate parametrizations for ( ) G a . This will allow us to specify a particular evolution for G in terms of scale parameter, "a".
Since Equation (2-10) is of limited value, we turn instead to Equation (2-3).
We take the square root of both sides to obtain ( ) ( ) A dot over any physical quantity will always indicate a derivative is to be taken with respect to cosmological time. We divide the left hand side of Equation (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) by the left hand side of (2-12); we do the same thing on the right hand side. After some simplification, we obtain the result:
This equation can be analyzed. In the limit where 0 a → , we have a radiation dominated universe where Equation (2-14) reduces to
In the matter-dominated era,
MATTER Ω prevails, and Equation (2-14) simpli-
In addition, in the dark energy dominated era, where only Λ Ω survives, Eq-
In the present epoch, we can estimate a value for H H using Equation We can revisit Equations (2-15(a)-(c)) and Equation (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) with this in mind.
Substituting Equation (2-17) into each of these equations gives the following re-
Furthermore, in the present epoch,
Since 0 a > , we see very clearly that a is positive in the present epoch. If 0 G G = , then the result in Equation (2-19) is modified slightly and increases to 0.5365H 0 . Both values, however, are comparable and hence the 0 G G ≠ does not alter the present rate of cosmic expansion appreciably.
A standard result in cosmology relates the cosmological constant, Λ, to the mass density associated with dark energy. By construction, 
Finally, starting from Equations and (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) , it can be demonstrated that the following relations hold ( ) ( )
These equalities are assumed in the concordance model, but not in this paper.
A specific model for ( ) G G a = has not been given. Two parametrizations will be given in the next section. Nevertheless, from Equation (2-23), it is clear
We have indicated how the cosmological constant fine-tuning problem is to be explained. In the distant past, both G and ρ Λ were very, very large in relation to present values. This increased the value for the cosmological constant, Λ, significantly at very high temperatures.
In section V, we will make plausible that G was about twenty orders of magnitude greater than the current value. Therefore, by Equation (2-23), we will have over a 40-fold order increase in Λ, over present value. In section V, we will stop well short of the Planck scale, as we will give arguments for why gravity must C. Pilot Journal of High Energy Physics, Gravitation and Cosmology have switched off at a scale of approximately 21 7 10 K × . This is appreciably less than the Planck Temperature of 32 1.42 10 K × , which assumes a constant value for G throughout. Because 0 G G will never increase beyond 20 4 10 × , we will never approach a 10 122 increase in cosmological constant using Equation (2-23).
Two Specific Parametrizations for G(a)
We have seen that α in Equation (2-10) cannot be determined unless we specify a function for ( ) G a . Moreover, if α cannot be ascertained, neither can the quintessence parameter, "w", because of our definition, ( )
In this section, we give two specific models for ( ) G a . Both are one-dimensional parametrizations, depending in effect only on the scale parameter, "a". The scale parameter, "a" is a measure of temperature because of the relationship,
T equals 2.725 K, and T is the CMB temperature at any other redshift z. We feel it is more meaningful to parametrize G according to background temperature (energy), versus, for example, cosmological time. Cosmic conditions in the universe depend specifically on the background temperature and not on time per se. Both parametrizations which we are about to introduce have great flexibility in accommodating a wide range of G values, and both are relatively simple. Whether they have any physical relevance remains to be seen. However, we can draw some general conclusions using these very basic models. Remarkably both lead to essentially similar results, both qualitatively and quantitatively, even though they are very different formulations for
We have reasons for considering the above models, which go beyond the scope of this paper. Until then we consider these models to be "toy models".
The first parametrization is motivated by a charging capacitor; we can think of ( ) 
to be determined having units of degrees Kelvin, and "a" is our scale parameter.
In the present epoch, "a" = 1, and thus, 0
the saturation value of 1 G − , applicable in the limit where the CMB temperature approaches zero, or equivalently, when "a" approaches infinity.
The second parametrization is motivated by magnetism. We treat 
In Equation (3-2), L(x) is the Langevin function, defined by the equation 
is a different saturation value for 1 G − , but defined in the same way. In the limit where T approaches zero,
as a function of "x" gives similar behavior in both models. Graph 5(a) in Appendix C is a preview of the functions plotted as a function of scale parameter "a" up to "a" = 1. Both are well behaved at both high and low temperatures, as we shall see.
At very high temperatures in particular, it will be shown that 1 G − is directly proportional to T in both models, but only in this limiting case.
Using Equation (3-1), we can show that
For model B, Equation (3-2) applies and we have correspondingly,
In both equations, it is to be understood that the temperature T marks a particular cosmological epoch. At the onset of 1 G − , we will also have a very specific temperature, which we will call C T , the Curie temperature.
To make progress with these parametrizations, the constant "b" needs to be determined. We know that at present, ( )
as is indicated by
Equation (2-11). We will use this equality to fix the "b" value for both models A and B. We start with model A. Take the derivative of Equation 
Remember that
Next, specialize to the current epoch.
In this limit, Equation
This can be compared to Equation (2-11), from which it follows that Equation
can be written as
The 0 H cancels and a numerical solution can be found to fix the parameter 0
x . For Equation (3) (4) (5) (6) (7) (8) to be satisfied, we must uniquely choose 0 4.28 x = .
Hence, 
We divide the left hand side of Equation (3-10) by the left hand side of Equation (3-4); do the same on the right hand side. In this way we obtain
As before, we utilized the identity, x Hx = . We next specialize (3) (4) (5) (6) (7) (8) (9) (10) (11) to the present epoch, which gives
We compare this to Equation (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . If Equation (2-11) is substituted into (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) , it turns out that 
This determines our parametrization for model B. We note that the temperatures indicated in Equations (3) (4) (5) (6) (7) (8) (9) and (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) are not particularly high.
We have now specified both functions for 
For any epoch, G can now be calculated using either Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) or (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) .
These functions depend only on the cosmic scale parameter, "a", or equivalently the CMB temperature.
We next determine G G for both models. For model A, we use Equation (3) (4) (5) (6) and (3) (4) (5) (6) (7) (8) (9) (10) (11) , with the appropriate ( 0 ax ) values substituted, give ( G G ). Finally, we also wish to calculate the quintessence parameter, w, for models A and B, as well as determine α for models A and B. We know that Equation (2-4) holds. Therefore, it follows that 
However, we have specific values for 0 G G as a function of "a". Hence,
Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) allows us to determine α as a function of the scale parameter "a", whereas Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) allows us to calculate "w".
We can now summarize the results. These are presented in table form, Table   A1 in Appendix A for various values of "a". In this table we calculate In part one, we cover the range where "a" equals 1 through to 0.1. In part two, "a" values in the range 0.1 to 0.01 are considered. In part three, "a" is allowed to run through the values from 0.01 to 0.001. In addition, in part four, we consider future values for "a". In this part, "a" will start at 1 and move up to 10, in increments of one unit per row. So, in the first three parts, we are going progressively back in cosmological time, whereas in the 4 th part, we are moving forward in time, cosmologically speaking.
We also present graphs for the quantities calculated above. These illustrations are given in Appendix B, and the values correspond to the entries specified in Table A1 . We present the graphs in a certain order. First model A is always compared with model B, quantity with corresponding quantity. This is done such that we can visually compare the difference between models A and B. On the horizontal axis, we always plot the scale parameter "a". On the vertical axis, we plot 0 G G , ( ) G G , "α" and "w" for both models A and B. Graphs 1(a)-(d)
give these values for "a" in the range from 1 to 0.1. Graphs 2(a)-(d) do the same for "a" values in the range from 0.1 and 0.01. Graphs 3(a)-(d) are reserved for "a" values in the range from 0.01 to 0.001. And finally, Graphs 4(a)-(d) give the values outlined above for "a" in the range from 1 to 10. Therefore, Graph 1 refer to part 1 in the (2-11), which furthermore allowed us to fix the parameter "b" in both models. If we had chosen a value closer to −1 for w, then there would be little to no difference between the ΛCDM concordance model, and our models A and B. Our parametrizations deviate from the ΛCDM model precisely because we do not set w equal to −1, a-priori. A higher or lower value for "w" at present will dramatically affect the evolution of 0 G G .
We also note that in the limit of low T, the "w" values automatically approach −1, and α approaches zero. Thus, the ΛCDM model is approached in both our models in the low temperature limit. At very high temperatures, on the other hand, the quintessence parameter, w, approaches a value of −2/3 in both models. This will give a value for α equal to unity.
Both models A and B have the correct limits for an order parameter,
This we will now show. First, quite generally, irrespective of the model employed, it is to be noticed that the following general identity holds:
Upon using Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) , it is straightforward to show that ( ) ( ) ( )
And, for model B,
In Equation (3-21), we have made use of equations (3) (4) (5) (6) . In addition, for Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) , Equation (3-11) was employed.
We can consider the limit where 0 a → . In this limit,
Therefore, for small values of x, ( ) e 1 x x ≅ + , and Equation (3-21) reduces to ( ) ( )
A similar result holds for Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . For small values of x, a power series expansion yields ( )
Keeping only terms to first order in x, Equation (3-22) reduces to ( ) ( )
In this limit of very small "a", it is clear that ( ) ( )
for both models, A and B. At very high temperatures, i.e., very low "a" values, it follows that ( )
The other extreme is the limit where a → ∞ , which means going forward in Journal of High Energy Physics, Gravitation and Cosmology time starting from the present epoch. In this interesting case, the reader will notice that the entries in our Table 1 indicate a saturation value for both models A and B. In fact, as can be read off the table (see the entries under columns 2 and 3), we find in the limit of large "a" ( ) G , will not decrease much further as indicated by equations and . These are the saturated limits for Newton's constant as calculated by our models.
Before we leave this section, we give another table, Table C1 in Appendix C.
Here we calculate rameter. This is just another way of representing what was said thus far. However, in this formulation, we clearly see the evolution of the inverse Newtonian constant, our order parameter. There is a difference between the specific evolutions for models A and B. We highlight this difference between models A and B more explicitly using graphs. In Appendix C, we present two graphs, Graph 5(a) and Graph 5(b). 
Graph 5(a) gives

Cosmic Time Evolution for G −1 (a)
In the conventional picture, the ΛCDM model where 0 G G = and 1 w = − , we know that ( ) a t is proportional to t 1/2 for a radiation dominated universe, ( ) a t is proportional to t 3/2 for a matter dominated universe, and ( ) a t is proportional to e Ht for a dark energy dominated universe. If 0 G G ≠ , however, the time dependency is more complicated. This we now consider.
To be specific, we resort to our two parametrizations, model A and model B This would conform to the parameters suggested by the Planck VIII collaboration. Equation (4-3) will give us precisely the age of the universe, 0 13.8 Gyr t = , if we set 0 t = on the left hand side and "a" = 0 on the right. We note that in the very early universe, radiation dominates due to the high value of Finally, for a dark energy dominated universe, the third term takes over within the integral of Equation (4-3). In this instance, we have a e Ht dependency for ( ) a t . In Table C1 , column 2, in Appendix C we have calculated specific look-back times as well as look-forward times for the ΛCDM model as a function of scale parameter, "a", which is indicated in column 1. We made use of equations (4-3) with the density parameter coefficients inserted. Numerical integration was performed using an on-line integrator, integral-calculator.com. Journal of High Energy Physics, Gravitation and Cosmology 
To show this we start with Equation (3-3). We substitute Equation ( RAD MATTER
Equation ( 
We follow the same steps as before. We start with Equation (3-4) and substitute this into Equation (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . This gives ( ) 
As always, to obtain the look-forward times, we reverse the limits of integration in both Equations (4-4) and (4-9), and substitute for the left hand side, ( ) A graph comparing the three models is illustrated in Graph 6(a). One glaring difference between the models is the predicted age of the universe. The ΛCDM model gives a predicted age of ( ) We will discount option c) as the 13.8 Gyr age seems to be a well-established fact. The age of the oldest globular clusters certainly indicate an age in excess of Journal of High Energy Physics, Gravitation and Cosmology 12.5 Gyr. The analysis of the acoustic peaks in WMAP and Planck satellite data also seem to preclude a lessor age for the universe. Therefore, we will discount option c). We will also ignore option d) as we are focused on most likely principle sources. This leaves options a) or b). Table   D2 of Appendix D. The corresponding graph is given in Graph 6(b). Upon comparison of the entries in columns 3 and 4 with those of column 2, the ΛCDM model, we see agreement. Models A and B indicate slightly larger look-back times in the latter epochs (large "a"). Nevertheless, eventually, the ΛCDM model catches up with the same look-back times at a lower "a". We speculate that the larger look-back times in the latter epochs give the unanticipated acceleration of the universe. Ultimately, it is connected to a weakening G in the latter epochs.
Now that we have Equation (4-4) for model A, and correspondingly, Equation
We close this section by noting that if we wish to compare look-back times between models A and B, and ΛCDM, it may turn out that "w" has a different value at present than the one selected, which was 0 0.98 w = − . This is almost certainly true if space is not flat. If space is curved, then instead of using Equation (1-1) for w, we should be using Equation (1-2), or some variation thereof, as our approximation for "w". Moreover, if we accept the value for "w" listed in (1-2), then it would be very difficult to differentiate our models A and B from the ΛCDM model.
In fact, our models A and B would be almost identical to the ΛCDM model in terms of predictions because "w" is so close to −1. For other "w" values in a flat space, the look-back times would also have to be re-worked. We bring this up only to show that there is greater flexibility than is indicated by our conditions (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , in either dismissing or accepting a variable G assumption given a specified age. Can we give a specific temperature, or equivalently, a specific cosmic scale, for G Journal of High Energy Physics, Gravitation and Cosmology formation? We will call the critical temperature for G formation,
Estimating the
where C a is the scale parameter at inception of Nevertheless, there is one relationship in the above, which can prove useful.
That is the Planck temperature, ( )
. Instead of P T , we replace the left hand side by C T , the Curie temperature, which will signify the onset of gravity. Moreover, on the right hand side we recognize that G is also temperature dependent. This means that at the formation of G, we must have ( )
In this expression, the gravitational "constant" becomes ( ) ( )
Again, G is proportional to T, just as in Equation (5-2), for very small "x". In the second line of Equation , use has been made of the fact that for small x, the Langevin function reduces to ( ) ( )
T replaces T. Furthermore, we can insert our values specified by Equation (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . Substituting both into Equation gives in this situation
We emphasize that for both models A and B, G is proportional to T. Hence, C G is directly proportional to C T . This holds only in the limit of small x, or equivalently, small "a" values (very high temperatures). It must therefore hold true at temperature,
We next substitute Equations (5-3) and (5-5) into our fundamental relation, Equation (5-1). We start with Equation ( 
Solving for C T , we find 21 6.20 10 K
For model B, we proceed analogously. We substitute Equation (5-5) into Equation (5-1). In this instance, we obtain ( ) ( ) ( ) 1 2 1 2 1 2 5 2 32 0 0.0587 1.42 10 0.0587
Solving for C T , we find 21 7.01 10 K
The values obtained for C T in models A and B are numerically very close to one another. The values are within a percentage of each other. The temperatures are large, but still very well below the Planck temperature, which equals 32 1.42 10 K × . In fact, in retracing our steps, we find that we can approximate C T for both models A and B as ( ) Because the C T values are very close in both models, it comes as no surprise that the " C a " values are very close as well. The redshift at G formation is very high if we accept the scale factor determinations specified in Equation (5) (6) (7) (8) (9) (10) .
In Table E1 in Appendix E, we have specified the scale parameters indicated by Equations (5-10a) and (5-10b) . We have also calculated accordingly the 0 G G values at these scales, as well as other quantities, given our formulae above. For the two models presented, the values calculated are 20 0 5.273 10
We see that both values are close to one another in magnitude and quite large.
We believe that there could very well be a twenty order of magnitude increase in G at these extremely high temperatures. At "a" = 0.001 which is close to recombination, G is still comparatively low in value, and that already puts us at a 
, for a cosmic scale equal to "a" = 0.001. See Table A1 in Appendix A. However, we are dealing with much higher temperatures at 10 21 K, and at this temperature, the ratio 0 G G is certainly much larger. Again, this would go a long way towards explaining the vacuum energy discrepancy between present and past values.
The cosmological constant, Λ, is sometimes referred to as the "mass of the vacuum". Due to our Equation (2-23), we can estimate its value at G formation.
We substitute Equations (5-11a) and (5-11b) into relations . This gives We do not have the 122 order of magnitude difference between present and past values because we are stopping well short of the Planck scale. We have instead a 41 order of magnitude increase, as indicated by Equations (5-12a) and (5-12b) . Dark energy does scale in our estimation, but never by nearly as much as either matter or radiation. The most radical scaling of dark energy occurs in the very early universe as it is there that the "w" values deviate significantly from minus one.
It has been argued that gravity may not be a fundamental force. Instead it may a low energy phenomenological limit which vanishes at incredibly high temperatures/energies, at the scales indicated by Equations (5-7) and (5) (6) (7) (8) (9) . If this is the case, then it would be interesting to calculate the radiative energy density, the dominant form of energy at these very high temperatures. Using Planck's formula, 3.07 10 J m u = × . For radiation, the pressure is always one-third the energy density. Therefore, at formation temperatures of approximately 21 6 10 K × , the radiative pressure is quite large, but apparently not large enough to prevent G formation from occurring, if our picture is correct. Thermal quantum fluctuations in the vacuum have damped down sufficiently such that now a long-range correlation can establish itself within the vacuum. This is the way we imagine the onset of gravity. The scalar field of Jordan emerges, i.e. comes into being, at exactly this scale.
Summary and Conclusions
In order to provide a possible explanation for the cosmological constant fine tuning problem, we identified the quintessence parameter, w, with a time-varying gravitational constant, G. Specifically, 
. See Equation . For model B, the calculation leads to ( )
. See Equation . G will approach the saturated value in model A within a relatively short time, when the cosmic scale parameter has achieved a value "a" ≈ 2. For model B, the universe has to increase its size more dramatically, to an "a" value equal to "a" ≈ 10, or 10 times its current size. See Graph 4(a) and Graph 4(b) in Appendix B where this is highlighted. Both "a"
values are based on calculations within the respective models.
In section IV, we considered the time evolution for a universe where 0 G G ≠ , specifically for our two models, A and B. Because the universe now evolves differently, we have compared our models A and B with the ΛCDM result. Model B is more conservative than model A in that it seems to track the ΛCDM results better. Even though the predicted age of the universe for our time-varying models are less, they are close. In fact, close enough, such that with minor revisions in input parameters, we can achieve a perfect match in predicted age with the concordance model. We argue that if the age of the universe is to be held constant at 13.8 Gyr, and if the age correction factor is to remain as it is in the concordance model, then the Hubble parameter has to be decreased somewhat in value. We give reasons why assuming a 0 H value closer to 62.3 km/(s Mpc) may present an obvious solution to the problem of matching ages. We give results and graphs for non-adjusted and adjusted 0 H values. These are presented in Table D1 and Table D2 in Appendix D, as well as in Graph 6(a) and Graph 6(b). Another possible solution is to increase the dark energy contribution and lower the value of the matter density parameter. This would change the age correction factor, and bring it to a value, which makes the age of the universe line up with the predictions of the concordance model. In that scenario, G G = × for parametrization B. The reader will note that these values are remarkably close to one another numerically, and furthermore, that the temperatures for 1 G − onset are well below the Planck temperature of 32 1.42 10 K × . In general, we have found within our models that ( )
a good approximation for gravity formation. Therefore, gravity, as exemplified by the constant G, did not exist at the onset of the Big Bang. We believe that it came into being "much later", well past the inflation phase. If this is the case, then during inflation, the universe would not have been constrained by gravity and there would have been no hindering force to prevent exponential expansion.
With these values, we are in a position to explain, or at least dramatically alleviate, the cosmological vacuum fine tuning problem, accepting the notion that the present observed cosmological constant is related to the quantum vacuum.
Using Equation (2-23), we determine that at G inception, 41 10
The VACUUM Λ is decreasing as 1 G − increases, by Equation (2-23). This could make sense because in the very early universe, when the background temperature was very high, no long-range correlation could form. As quantum thermal fluctuations decreased, 1 G − could establish a foothold. The vacuum cosmological constant has decreased to its present low energy value, the value we observe and measure today. The key is to recognize the role of 1 G − in this evolution.
Without a varying G, it would be difficult to imagine how the "mass of the vacuum" could change its value with respect to cosmological time.
Future work needs to be done before models of this nature can be accepted.
We need to give a physical basis for our parametrizations A and B. We could entertain other parametrizations as other tracker solutions may lead to more interesting consequences, or have features that our naïve parametrizations are lacking. We could attempt to measure observationally both w and G to greater precision. As far as G G is concerned, we believe we may be within striking range of a non-zero result, if Equation (2-11) is to be believed. Both "w" and G G need to be determined more accurately as this would ultimately decide whether they are related or not. One can consider the ramifications for the very early universe if G is non-existent before a certain point in time. What does this mean for inflation if gravity is switched off at a temperature higher than 21 By spontaneously breaking the electro-weak interaction, it was possible to give F G a mass. In fact, in the limit of low momentum/energy exchanges, the Fermi constant was shown to be inversely proportional to the mass of the W ± boson squared. We believe that we may have an analogous situation here with gravity. First, at very high energies, we argued that gravity might not exist. It is a low energy phenomenological limit, and only comes into being once a specific symmetry has been broken. Our order parameter, 1 G − , is nothing else but the vacuum expectation value of a scalar field, 2 0 0 ϕ . This is not to be identified with the quintessence field, as the quintessence field is defined differently. It can however be identified with the scalar field as originally defined by Jordan. At high energies, the VEV of this field squared, 2 0 0 ϕ , disappears. At low energies, it assumes a vacuum expectation value, the value we observe presently, which, incidentally, is very close to its saturation value. This does not vanish. The cosmic scales over which this happens, from onset of 1 G − , to near saturation value, 1 G − ∞ , is called the coherence length. What makes this so spectacular is the very large range involved. This coherence length spans a cosmic scale range in excess of 23 orders of magnitude. The cosmic scale factor at 1 G − formation was about 10 −22 and it will continue to about 10 before saturation is reached! During this time, the value of In particular, the Graph 5(a) and Graph 5(b) in Appendix C give the evolution of the order parameter, with its first derivative. As such, it represents 2 0 0 ϕ , which is the (mass of the vacuum) 2 . In closing, we interpret 1 G − as the VEV in a previous epoch, . By analogy to magnetization, we can call 1 2 0 0 G ϕ − = , the "gravitization" of the vacuum. Its value is close to being 100% achieved at present, but we believe that it may once have had a value, which was much, much smaller in the distant past. And prior to that, it Journal of High Energy Physics, Gravitation and Cosmology was non-existent. 
